The behavior of the horizontal wells producing from Marcellus shale is not fully understood because of the limited production history. As a result a method of predicting the long term production is needed. A number of production decline curve analysis models have been proposed for application to unconventional gas reservoirs. The problem is that the reliable production prediction method are not available when production history from Marcellus shale horizontal wells is limited. In this study, production and completion data from Marcellus shale wells were collected to build a generic model The generic model was then used in conjunction with a commercial dual-porosity numerical model which include the adsorbed gas to simulate long term production profiles for Marcellus shale horizontal wells with multiple hydraulic fractured stages. Subsequently, the simulation of the production profiles were utilized to develop correlations for adjusting the conventional decline curve (Arps) constants ( , , ) obtained from the limited production history to accurately predict the long term production performance. The impacts of the formation and fracture properties on the decline curve constants were investigated.
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Introduction
The unconventional shale natural gas reservoirs has been recently considered economically attractive source of natural gas. Since 1970's, several government and privet organizations initiated the evaluation of the resources and the condition necessary to develop them (Gibbons 1985) . Since then, the technology development to produce from low-permeability reservoirs has progressed significantly. One of the most important factor that made the production from the shale gas reservoirs economical is effective stimulation treatment. The main objective of the stimulation treatment is to obtain a large, highly fractures network that can produce from ultra-low permeability rock (Mashayekhi, 2014) . First step of stimulating the reservoir is by making a multiple stage hydraulic fracture in the horizontal well. Horizontal wells are more cost effective in achieving commercial production from the shale than vertical wells. The reason is the horizontal wells allow more access to the formation than vertical wells and allow the application of multistage hydraulic fracturing treatments.
The prediction of the future production rate however challenging due to the limited production history from Marcellus Shale wells.. The industry is demanding better techniques to assist with forecasting accurate production prediction for horizontal wells with multiple fractures.
One of the techniques that has been used to predict the production rates is Decline Curve Analysis (DCA). Decline curve analysis is a common technique for predicting the future production rates and reserves of the conventional reservoirs which produce under boundary dominates flow. However, Shale is an unconventional reservoir. The application DCA to shale production data leads to over estimation of the production rates. So, DCA must be adjusted for the unconventional gas reservoirs to obtain a more accurate estimation of the future production rates. There are a number of DCA methods that are proposed for predicting the production rates from unconventional reservoirs. However, Arps equation has been found to provide a better fit to
Marcellus shale production history and is a simpler technique comparing to other decline curve proposed for unconventional reservoir. Therefore, it is more convenient and practical to modify the Arps DCA method for predicting production behavior of Marcellus shale.
Literature Review
Decline curve analysis is widely applied for forecasting future production from low permeable formation. There are three types of decline curve during the boundary dominated flow (BDF):
Exponential, Hyperbolic and Harmonic.
One of the most important decline curve method is Arps decline curve. Arps applied a mathematical treatment to coalesce these earlier concepts to unify the theory on the rate-time cumulative production characteristics of production decline curve (Poston. Poe Jr, 2008).
Johnson and Bollens (1928) and Arps (1945) presented the loss ratio (rate of change of the reciprocal of instantaneous decline rate) respectively as:
and the derivative of the loss-ratio:
The value of ranges from 0 to 1. When = 0, which means D is constant, Eq. 1 leads to an exponential decline which can be derived for the case of BDF in close closed reservoir containing a constant compressibility liquid and being produced at constant wellbore flowing pressure (Ilk, 2008 ). When 0 < < 1 , then the decline curve will be hyperbolic. And for = 1, it will result in harmonic decline.
Assuming constant loss ratio Arps derivative his hyperbolic decline model as :
Usually is less than 1 (). However, when Arps equation applied to transient production data from the shale reservoir, the estimated value of is greater than 1 This seems to give a better matching to the field data from the transient-flow period. For example, the liner flow which commonly observed in shale gas reservoirs have value of 2.
3 Objective and Methodology
Objectives
The main goal of this study is to develop a reliable method for application of Arps decline curves for predicting the long-term production performance of multiple hydraulic fracture in horizontal well in Marcellus shale. Therefore, the constant in Arps equation Eq. 3 (n , ) determined from the early limited production history should be modified to predict reliable long-term production rates.
Methodology
To achieve the objective of the study three steps were implemented:
1) A reservoir model was developed using a commercial simulator (Eclipse). The model simulated 30-year production history from a horizontal well with the multiple hydraulic fracture in Marcellus Shale Two scenarios for hydraulic fracture stage spacing were considered in the model 500 feet or 7 stages and 250 feet or 13 stages. A series values for the fracture half-length ( ) and natural fracture permeability ( ) were used to determine the impacts of hydraulic and natural fractures on production decline behavior.
2) The Arps decline curve was used to match the 30-years production profile and determine the decline curve constant n30, di30, and qi30.
3) A number of correlations were developed to adjust Arps decline curve constant estimated from the early and limited production profile to predict the long term production profile.
Reservoir Model Development
The first step in this study was to develop the reservoir model in the simulator (Eclipse) by inserting the reservoir parameters (length, width, porosity, permeability…).The formation parameters are summarized in Table 1 . 2 , where correspond to the flow rate generated by the simulator. Also, A cell to generate the regression coefficient 2 by using Eq. 4:
Where:
: Sum of errors squared ∑( − ′ ) 2 .
: Sum of total error squares ∑( − ) 2 .
3−2 illustrate a sample from the spreadsheet. n/n 30 Xf= 300 ft.
Xf= 400 ft.
Xf= 500 ft.
Xf= 600 ft.
HL Spacing = 500 ft. K f = 0.002 md The available production data was history matched using the reservoir model developed in the first step. Upon history matching, the reservoir parameters were estimated and used in the model to predict the extended production profile (30-year). The production data was also used to determine the decline curve constants, i.e. , Then, the correlations were used to estimate the ratio's, With both scenarios for different hydraulic fracturing stages (7 &13), number of models were built to study more the behavior of the DCA and the accuracy of its outcome with different models.
Seven Stages Model
In figure 4-1 shows the outcome that the simulator (Eclipse) for the behavior of the seven stage scenario with different half-length hydraulic fracture
Figure 4-1: the Outcome of Simulator (Eclipse) Seven Stage Profile Production for Different
Half-Length.
In figure 4 -2 shows the outcome that the simulator (Eclipse) for the behavior of the seven stage scenario with different permeability to the base model.
Figure 4-2: the Outcome of Simulator (Eclipse) Seven Stage Profile Production for Different
Permeability.
Thirteen Stages Model
In figure 4-3 shows the outcome that the simulator (Eclipse) for the behavior of the thirteen stage scenario with different half-length hydraulic fracture.
Figure 4-3: the Outcome of Simulator (Eclipse) Thirteen Stage Profile Production for Different
Fracture Half-ength.
Figure 4-4: the Outcome of Simulator (Eclipse) Thirteen Stage Profile Production for Different
Comparing Results of Simulated Model with Arps
Each of the simulated outcome for each model in both stages were used to find out the Arps flow rates values by using Microsoft-Excel Solver to find the best values for Arps constants , to get best match to the simulation result, which they will be refer to as 30 , 30 30 . In Figure 4 -5 shows the base model for seven stage hydraulic fracture from simulation and from Arps DCA and in figure 4-6 shows the base model for thirteen stage hydraulic fracture from simulation and from Arps DCA. The rest of the comparison between simulation production profile and Arps will be in Appendix.
Seven Stage Model
In figure 4 -5 the simulation model and the Arps that has been found are closely match. In Table 4 -1 shows the constant in Arps DCA which will give the best match to the curve the simulation is giving. This Arps DCA and simulation matching will be done for all scenarios to get the values of Arps DCA constants at 30 years. 
Thirteen Stages Model
In figure 4 -6 the simulation model and the Arps that has been found are closely match. In Table 4 -2 shows the constant in Arps DCA which will give the best match to the curve the simulation is giving.
This Arps DCA and simulation matching will be done for all scenarios to get the values of Arps DCA constants at 30 years. DCA constants which will give a good results of ′ that matches . However, at early stages of the production, the constant values will be higher than late stages. So, the production data has been reduced to 2, 3, 4, 5 and 10 years of production time in order to get a correlation between the decline curves' constants versus the production time. The Constant values that will give a highest values of regression coefficient 2 , will be used as the constant in each early stages that has been chosen.
Seven Stage Model
The simulation scenarios that were built for seven stage model now will be used to get the constants values for Arps DCA in different number of years with changing the half-length fracking in the base model and making the permeability constant (300 ft., 400 ft. and 600 Now, the half-length of the fracking will be constant, but the permeability will be changed Now, the half-length of the fracking will be constant, but the permeability will be changed Next step is finding the constant values of Arps DCA by using the simulation model that has been built. In Table 4 -8 shows the constant values of Arps DCA that will match the Real Data. figure 4 -7, 4-8 and 4-9. The resone that the seven stages was picked and not the thirteen stages is because the separation distant between each frack is 400 ft. which is closer to the seven stages scenario than thirteen stages. stages. Then the constant that will be calculated at 2.5 years will be used and modified to confirm the study results. In Table 4 -10 shows the constant of Arps DCA using seven stages and to compare the prediction production between Arps and the simulator, Figure 4 -21 show the prediction from 2.5 years until 15 years from the age of the well. 
ft.). That will provide with values that needed to build the ratio graph between
Conclusion
The following conclusion can be noted in this study. 30 after a short limited production time to get a good constant values that will give more accurate production prediction. 3 . A number of correlation were developed to adjust the Arps DCA constants obtained from limited production history to achieve more accurate production prediction.
4. The Application of the methodology developed in this study to field data confirmed that accurate prediction production can be achieved.
